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Transforming growth factor- 3 promoted vascular endothelial
growth factor release by human lung fibroblasts

Sang Uk Park, M.D., Joo Hwa Shin, M.D., Jae Won Shim, M.D., Deok Soo Kim, M.D.
Hye Lim Jung, M.D., Moon Soo Park, M.D., and Jung Yeon Shim, M.D.

Department of Pediatrics, Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose : The human lung fibroblast may act as an immunomodulatory cell by providing pro-inflammatory cytokines and
chemokines, which are important in airway remodeling. Vascular endothelial growth factor (VEGF) induces mucosal edema
and angiogenesis. Thymus and activation regulated chemokine (TARC) induces selective migration of T helper 2 cells. We
investigated whether human lung fibroblasts produced VEGF and TARC, and the effects were augmented with the co-culture
of fibroblasts and human bronchial smooth muscle cells (HBSMC), and whether dexamethasone can inhibit the proliferation

and the release of VEGF in lung fibroblasts.

Methods : Human lung fibroblasts were cultured with and without HBSMC, growth-arrested in serum-deprived medium, and
pretreated with dexamethasone for 16 hours. After 24-hour stimulation with platelet derived growth factor-BB (PDGF-BB)
and/or transforming growth factor- 3 (TGF- ), culture supernatant was harvested for assays of VEGF and TARC. Cell prolife-

ration was assayed using BrdU cell proliferation ELISA kit.

Results : 1) The release of VEGF was significantly increased after stimulation with TGF-/, and its release was augmented
when co-stimulated with PDGF and TGF- /5. 2) VEGF release induced by PDGF or TGF-/ was inhibited by dexamethasone.
3) There was no synergistic effect on the release of VEGF when human lung fibroblasts were co-cultured with HBSMC. 4)
Dexamethasone did not suppress human lung fibroblasts proliferations. 5) Neither TGF- 4 nor PDGF induced TARC release

from lung fibroblasts.

Conclusion : Human lung fibroblasts may modulate airway remodeling by release of VEGF, but they have no synergistic
effects when co-cultured with HBSMC. Dexamethasone suppresses VEGF release, not proliferation of lung fibroblast. (Korean

J Pediatr 2008;51:879-885)

Key Words : Human lung fibroblast, Transforming growth factor- 3, Vascular endothelial growth factor, Thymus and activation

regulated chemokine, Dexamethasone
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B (TGF-p4), tumor necrosis factor-a (TNF-a), platelet
derived growth factor (PDGF), vascular endothelial growth

factor (VEGF) 5°] &#A Qo o5 T¢AxE 3T
A, AFAE S 2rdan’.

°l& % 53| VEGFt= g% 141«4*1]401]’\1 Ee 285 st
T eH Al EFRIC 2 A Al Ad FaFd S FTHA
7131, 2 Aol BtE fFrsti olvs AT 4TS
st oR defA gk 7]=Ee @%%*—“ﬂr AP AP Y&
1% MNP Fad 54 Fof shuEA, Ao 71AA 7
Z A=A M (bronchoalveolar lavage)©ll *L- VEGF %7} &7}k
o s

TGF-8E 3¢ /ME, 7% A& Az F43 A, =3

Al3Ee] vlg], e /‘1]4.%94 b I R ) e B ] 4&040
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ot 27le] w=EA T FrbEda geA g0 2 XVP—%
o] o]d ATelA TGF-BE= 7I1%& &4 PDGFe tE°]
VEGF #HlE S7HRE 89lste] TGF-AE ¢ MEoe
a3 AfolET oz AgzheE!
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1. MIZZHHF

QIZE H A ot 9 A7 71384 BE AXEFE Clonetics

A} (San Diego, CA, USA)OIA TJ8kAtt. 75 cm®e] Al vl
Ze}~30] 10% fetal bovine serum (FBS)¥} penicillin 100
U/mL, streptomycin 100 ug/mLE 333k Dulbeco’s Modified
Eagle Medium (DMEM) HlA]& 23l 37C, 5% CO; AlXE wl%f
714 579 % wgete]l 90% AEZF EstEW AdieleF
(subculturing)S 313, 3dlellAl 67kl Adiu st HNEE

AHE-H AT
2. HN=ZA H3

96 well culture platedl well@ 5000719 AEZE B3l
HjFste] 70% AE X3} HAS o FIHAMAZ vlFro] 484]
S AESAE AAEATE T2 weS 2] Y8 TGF-
8 (10 ng/mL)¢} PDGF (20 ng/mL)E Z+7}

_[ T
AlZE At a, dexamethasoneoﬂ gk oA dt

35 w17 9
3] dexamethasone (10° M)2.&@ A=A & 16717+ At

TGF$ PDGFZ A=38k3ith Al2F42 Bromodeoxyuridine
(BrdU) cell proliferation ELISA kit (Roche Applied Science,
Mannheim, Germany)E& A&l sttt teks] AW s
W91 Z7oA 96 well culture plateol ¥ well B 10 uM
BrdUE %1 DNA7} £ o Z3tél= BrdU $=5 5743
Atk 24717 Bk & A EE 3187132 DNAE ¥4 (denatura-
tion) A7l thE, I-BrdU-POD ©@Z2 FAE Ho] Aol 3l
= BrdUel 2341713, 91-3A W] 5335 ELISA reader
£ o]&3ate] 450 nmelA O.D @& AT

3. HAFOIMZMAM VEGF2I TARC 2H| &3

48 well culture plateoll welld 10,000702] AXE &3t
HjeFste] 90% Ax 23}t S Wl FEAHWMAZ vl 484
b Ed AESAE AASATE PDGE9F TGF- 58 A=l 9] g
VEGF9 TARC #4] W8-S 27] 93] PDGF (20 ng/mL),
TGF-£ (10 ng/mL)E 77 &2 g7 #A=3te] 24417 F Al
E aF FFAE FAstel G5k 800C @A HAdirt
Dexamethasone®ll 93 VEGF$} TARC A WH-&& 17] 9
& dexamethasone (10° M)& ¥ 16413t A o] PDGF
(20 ng/mL)¢} TGF-A (10 ng/mL)& A=r8ke] 2413 5 Al
Z ok AEdE AT

4. HMFOIMES} 7|2 HEZ MZQ S5 &2 H=
HHAl VEGF &2H| Hl

Hd ot el 71#A] HEE AXE I g IS o
VEGF tvlel tigt 5+ Alzo] da28-& w7] 98 48 well
culture platedl dfrolMEel 719x] HE AEE A4
5000704 g+ wellell 7 ¥AY 424 @2 2+ well B 10,00074
AE7F HEE Y grleh e oA afdatdth A58
%2 A3} PDGFSF TGF- 8 & 42 58 37 A=dte] )4
= VEGF %% vussrh
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5. VEGF% TARC s& &3

Colorimetric Sandwich ELISA kit (R&D, Minneapolis,
MN, USA)E ol&3te] &% VEGF, TARC FE&5 AZXAM
P E Ak VEGFY #H& 34 F%E 5 pg/ml,
TARCe #H& 54 &% 7 pg/mLoIATh

6. SAHAE

A=) FAEA A& GraphPad Prism software 4.0
(GraphPad software Inc. San Diego, CA, USA) 74 =1
@S o] &3t F w7+ Hlil= Mann-Whitney U testZ,
Al olke] il Kruskal-Wallis test® 7178323l E714
frel =2 Pgrol 0.05 Ve s itk

2 I

1. PDGF2t TGF-8 2 A= W HAFOIME
B AN VEGF SE9| His}

PDGFZ A=¢ A9 TGF-B =2 A58 A5 nl gl
9] VEGF s=% 717t 1958484 pg/mL, 164.4£10.7 pg/mL
o2 AFA e H-H(789+5.1 pg/mL)ol BlE] FAHOR
ou A F7FE 2 H(P<0.05), 53] PDGFe TGF- A& 37
2A5dE A9l 51494156 pg/mLo= 7+t A54S wf 2o}
ofmAA F7FFATHP<0.01, Fig. 1).

TGF -{ t+

Control

T T T 1

0 100 200 300 400 500 600
VEGF (pg/mL)

Fig. 1. Production of VEGF by PDGF- and TGF- A -stimu-
lated lung fibroblasts. VEGF release was augmented when
lung fibroblasts were stimulated with PDGF (20 ng/mL) and
TGF-8 (10 ng/mL) co-stimulation compared to no stimulation
and stimulation with PDGF or TGF- 3. VEGF production was
also enhanced when stimulated with PDGF or TGF-/8 com-
pared to no stimulation. "P<0.01 vs TGF-8, PDGF and con-
trol. TP<0.05 vs control.

TGF- B promoted VEGF release by human lung fibroblasts

2. Dexamethasone M X XI0f 2|8 HAMRFOIMZ
HHQFHOIM VEGF 9| B35}

PDGF$} TGF-£ =2 A53817] A dexamethasone 22 3]
A3 A$-= AAASA 21 PDGFY PDGF9F TGF- 8= 3
A A= AR mdde] VEGF s/t #asdo &
dexamethasone 10° M A% ¥ PDGF %< PDGF9} TGF-
B8 = 37 A3 B399 VEGF 5% 7242} 54.8+35 pg/mL,
2400119 pg/mLE, WX A 34 ek A=5dS W] 1958+
8.4 pg/mL, 5149+155 pg/mL Xt} 2w JA VEGF &%=7}
st AtHFig. 2).

3. PDGF2 TGF-8 2 XSS 1 HMFOIME

o
B4 wg waf

PDGF A=l 93] wlidfrolAlze] F2 wkg-o] Frbstairt
T8y PDGFEY A=48 74 9ol w8l PDGF$F TGF-4 (10
ng/mL, 30 ng/mL)& 7 253 B4 A4 o E e F2 o
Y F7tE A= @k 2318 PDGFS TGF-4 30 ng/mLE&
A AFE A HAFelA Y] F2lo] st thFig. 3A).

Dexamethasone®] PDGFl| 9]t 524 vhg-& SA|st=4] 1
7] 913 PDGF, TGF- B 2 A=3}7] 7 dexamethasoneo. 2 7
AA A 84 @2 A vlassint, A% PDGF <}
TGF-B8 2 A=37] A dexamethasoneoZ A28 ZH9-=
AR eHA] ¢k PDGFF TGF- B & A=k 5o Hlsf =4
FrobAl o] S5 AA7IAl ZFTHFig. 3B).

AA 2 F

ol

4. HMFOIMES Q7 7| 2| HEHZ MZEQ} St
#2 W VEGF sE9 Hist

NAAFGIAEE &5 G 4922941236 pg/mL)

PDGF+TGF -
Dexa+PDGF
PDGF
T T T T T 1
0 100 200 300 400 500 600
VEGF (pg/mL)

Fig. 2. Inhibition of VEGF production by dexamethasone Lung
fibroblasts were pretreated with dexamethasone (10° M) for 16
hours before stimulation with PDGF (20 ng/mL) and/or TGF- 3
(10 ng/mL). Dexamethasone significantly inhibited VEGF pro-
duction by lung fibroblasts. “P<0.01 vs PDGF. "P<0.01 vs PDGF+
TGF- A. Abbreviation : Dexa, dexamethasone.
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TFG10+PDFG a
PDGF ‘
ontol -1
0.0 01.1 0I.2 0.3
A ©Q.D (450 nm)

TGF10+PDGF | |-|
Dexa+PDGF
0.0 0.I1 01.2 0I.3
B O.D (450 nm)

Fig. 3. Proliferation of lung fibroblasts stimulated with PDGF, TGF-/ with and without dexamethasone pretreatment.
(A) Proliferations of lung fibroblasts were promoted when stimulated with PDGF with and without TGF-/5 (10, 30
ng/mL) compared to control. (B) Dexamethasone (10° M) did not suppress PDGF-stimulated or TGF- 4 and PDGF
co-stimulated lung fibroblasts proliferations. "P<0.01 vs control. Abbreviations : TGF10, TGF- 8 10 ng/mL; TGF30,

TGF- 8 30 ng/mL.

HBSMC+Fibroblast

Fibroblast 2

HBSMC

0.0 100 200
A VEGF (pg/mL)

HBSMC+Fibroblast

Fibroblast H

HBSMC

T T T 1

300 0.0 100 200 300 400

B VEGF (pg/mL)

Fig. 4. VEGF release from HBSMC, lung fibroblasts and co-cultured cells stimulated with (A) and without (B) PDGF. (A)
The spontaneous release of VEGF from HBSMC was significantly higher than that from fibroblasts and co-cultured cells. (B)
The release of VEGF from HBSMC stimulated with PDGF was significantly increased compared to that from fibroblasts and
co—cultured cells. "P<0.01 vs fibroblasts and HBSMC+fibroblasts. Abbreviation : HBSMC, human bronchial smooth muscle cell.

o APFOMEE 5 w(T789+94 pg/mL) & 7|HAH
Gzt Aol EE E5 vioket H9(988+104 pg/
mL) Bth VEGF S%7F SAXSZ on QA F7FEAth(P<
0.05, Fig. 4A).

PDGF A= ¥ VEGF $5% 718X HE AE 95 vk
& -9(3305+39.0 pg/mL)ell A FA ol E @5 wlek(195.8
+15.7 pg/mL)eIvt 713A] HEt Al ob #Hd oA E3) vl
&g A-(168.4+15.3 pg/mL)ell vl&] BAHCZ 2w YA Z
7FEI T (P<0.01, Fig. 4B).

5. HAMROIMZe} 7|2X WE2 MENHAM TARCE|
2| =3
A Folze 7138% HEE AEE AF5HA 22 459
PDGFY TGF-8& 7z} aglm 34 A=53 F njdadoln
TARC 555 43S 1w TARCE SAHHA 2UtHData

not shown).
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ol AFA HAHFIHNEE PDGFZ AFIS 4%
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AR ] 71 B/A 2 A A TGF-B 9 525 A3
2 A3 TGF-B7F 745 st A3t 5718t a, A
2ol gl 3hbxpoll wHls) 2] A} 7R HE AH Aol A
TGF- 89 #u|7} Z7bse] 9t TGF- & =3 4]
ol &g =a3 AMF3 22 profibrotic effect)”F e AL
2 BaEzm o ole] B AfdAdE AAfolEE
TGF- 8¢ PDGF® &7 A=3te] VEGF 555 343 23
PDGF w522 5dd A1} VEGF 2471 A4 5
7hehe As gRlEksit) oleld Z¥E Fdl TGF-A+ 710l
FE YA At &8k A o] 9el VEGF #dS F3
A A A E ZE3st VI NPS o F ds A
o7 AZteET)

EH 2

AT A= PDGFSF TGF- 8 2 AF53817] Hell dexa-
methasones A*X|&te] VEGF F5& =433t} Dexame-
thasone A% ¥ PDGFE A=3t9& 7492 PDGF¢ TGF-
BE A AFeAS A5 EF VEGF7ZF o7l A #4stsd
t}. Dexamethasone©] A frolAl3Ee] FAof nX&= s &
olx 7] 93] dexamethasone2Z A% ¥ PDGF, TGF-A =
ASAAE Wl A frof el F2o] A EA ergtrh. & AT
A= Al HAEfoMAEE AMEste A, WA
2] HAH o]'/‘ﬂﬁi.% AH&3H T2 d9Mel A= dexamethasone
o] FF A A HAHFOIAE TS JAF v A5 H
21 gzte] Ao FAL 238 FUMIHeH, & AT
Aol mprbA 2 ggle] A frolAE FaldE Wsrt @l
AP, ErhE Ao A dexamethasone®] H2$HAte] 74
FrolAl 2ol Al G1-S phase cell cycle transitions AF53F¢] A
F4e F7MATE Ras 901" dexamethasone¥} A%
21o] A dEiAe o B AT Fasit)
2| Rol= A FAFAR A 7|HA AAe 547 F
S AT, FET ol A&H HAelA FUA FHE
ARz 2rola Q. ey 2E R =rt )= AFe] v
Fago| e obAE =T X7} Brh B Aol
dexamethasone©] #HAfobAl3Eel A A37gAR} el €8k VEGF2
Bd F7He AAIS AE B ul dexamethasones F#T2S
A A 7]‘:7H6§§ AAE 4 As Ao Azdr. 2y
2 & At o5t 7= T
7
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4 VEGF7} &

TGF- B promoted VEGF release by human lung fibroblasts

7tHo] gl Ao Hol VEGFZ: g3 WuAHEe bFGF
TGF- 8¢l modulations 3l (HAo® HET AEo] F2
7} o]%S AFakE Ao wAtP aey ok #HAfol
Az dEujo 7)1 8A FEE AEot HAFolAFe] Egtu)
%Al VEGF F%¢ Wslo] tisire deAA ek oo &
Ao HE A7F 7| AA] HEE AT} HAGoNEY A
£5 dolry] As) s, EF I F VEGF 555
St A9IF A BEE AL G5 b
FHTH VEGF #3817} 238]8] vk 2 olfr= VEGF #H7k
AN oA LR U= 719A] FST AELoA ] @o] ¥H|E7
mE oz AztE T T AEAbole] AE zgol oF VEGF &
He] g Ayt gl Aoz AZhEn o)z
gk Ao} AR e Aol BF 2 AAES BHY E}
TARCE TNF- @, IL-4°l ]3] Abe Zhehe] Aol e A]
o] Z7hE ks BRavk 92, e AP E TNF- ¢
9} IL-4, IL-13 72 Th2 Ate]E71ele] o] 3] Apgte] zheta) )5
o] Aol Eol A TARC ©Hlde] 219t TARC mRNAY %4
o] Z7tHAte Burh APTH?. ole] B ATdlAE PDGF,
TGF-B & #5383 7192 FEL Az} A folaE Y

Aol A TARCE &332 TARCZF SAHE A eght). o] 4
2 ®ol 71#x] P& A EL FAFolAlEE TARC EHE
(e}

A 95 Aow AZEAN o AFoA Th2 Ale]E7IRIS
2 TS shA Fok7] Wi ol tig e E s ZoR
Ea=]

ARAHORE ol Ao HAFrolMEE PDGFSF TGF- 8
2ol o8 VEGF A4 2 #v7h S7h=Eden, ojgfet A
© PDGF®} TGF- A7} A48 P47 3t Tl 94
Fol 71= g #Asta oS SeHeTh £ dexametha-
sone PDGF®} TGF- 89 AF=ell st w4 fol 29 VEGF
A B FHE AAARE Aotz F42 AAEHAE

Tainy,

0]
(e}

=~

ol
tlo o oo lr M n

2 8 follEs dddlE VEe) Txd Hxz
974 goih, Aol ANelA V1A $Fe] EL 2AY
W ohuel 7o MG RAs} )% AP T 98
A VAL BT 4

Aoz WaAD Yk VEGRE @ 4
& S Q1A Al o, o A A2
fEsha, AUAE] FAES SN, A AL o)
PN He s Aoz Leld Utk TARCE The A
E9) YA oFS fEshe ARGon deid Yk ¥

TFolM = PDGFS TGE- 82 AFAIZ] Q17 Fd oAl ol A
VEGF$ TARC7}F A3 ¥]=7] 9} dexamethasone®] 4014
oA VEGF #HlE dAG=AE dolrux sk 3
Hd oA Lot N #x HE AxE9t &7 wjdF S ol VEGF
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Aol mRE 235 d5uYd Al vl sk

gh g s ot el Q17 VI EA HEEAEE A7 S
A e H 48AEEeE FEA MR A s FAAZ
% TGF-# (10 ng/mL)¢ PDGF (20 ng/mL)& A=
A= Fo] M T2 93 Mg dF e VEGF, TARC &
2 Z43}9] dexamethasone (10° M)2.& A2 & =3t
¥} HlaLsket,

& 1} : PDGF TGF- B & A=3t& 729 Al frobal 2
Al VEGF #3]7} 91131 Al F713kd i, 53] PDGFeF TGF- 8
2 3 AFERS A5 g5 9gride 4sE B9 Dex-
amethasone-> fﬂ]"* frolM2e] VEGF #4]E PDGFZ A=3t
7499} PDGF, TGF- 8 #e°] A=3t 49 5ol A ox|s3ch
QIZy 71#A] HE Ao} HAHfoMAEE HiFgs o
VEGF #1]ell= 45420 a97F ¢1lth Dexamethasone ¥
GRS *4—% AAAZN A exsket. #H Aol A EE PDGF

e EHIEA gt
VEGF ¥ & &3 7% Mg &
7198 BEE AEe A M= VEGE 2Hlel s

PIUBY

=3

A 2 Ay foEE

3,

&37E Yt Dexamethasone VEGF #H|E JA|stg oy o
Afrotrlze] F24s AASA = 3kt
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